BACKGROUND: Respiratory muscle weakness occurs in sarcoidosis and is related to decreased exercise capacity, greater fatigue, dyspnea, and lower quality of life in sarcoidosis patients. The effects of inspiratory muscle training in this population have not been comprehensively investigated so far. This study was planned to investigate the effects of inspiratory muscle training on exercise capacity, respiratory and peripheral muscle strength, pulmonary function and diffusing capacity, fatigue, dyspnea, depression, and quality of life in subjects with sarcoidosis. METHODS: This was a prospective, randomized, controlled, and double blind study. Fifteen sarcoidosis subjects (treatment group) received inspiratory muscle training at 40% of maximal inspiratory pressure (P Imax ), and 15 subjects (control group) received sham therapy (5% of P Imax ) for 6 weeks. Functional and maximal exercise capacity, respiratory and peripheral muscle strength, pulmonary function and diffusing capacity, fatigue, dyspnea, depression, and quality of life were evaluated. RESULTS: Functional (P < .001) and maximal exercise capacity (P ‫؍‬ .038), respiratory muscle strength (P Imax [P < .001] and P Emax [P ‫؍‬ .001]), severe fatigue (P ‫؍‬ .002), and dyspnea perception (P ‫؍‬ .02) were statistically significantly improved in the treatment group compared with controls; no significant improvements were observed in pulmonary function and diffusing capacity, peripheral muscle strength, fatigue, depression, and quality of life between groups after inspiratory muscle training. CONCLUSIONS: Inspiratory muscle training improves functional and maximal exercise capacity and respiratory muscle strength and decreases severe fatigue and dyspnea perception in subjects with early stages of sarcoidosis. Inspiratory muscle training can be safely and effectively included in rehabilitation programs. (ClinicalTrials.gov registration NCT02270333.)
Introduction
Sarcoidosis is a multisystem disorder of unknown origin, and the clinical manifestations vary, depending on organs involved. Additionally, nonspecific symptoms, such as exercise intolerance, peripheral and respiratory muscle weakness, fatigue, dyspnea, depression, and reduced quality of life, are also commonly seen. 1 Exercise intolerance is a common problem in sarcoidosis and is related to several factors. Several studies have demonstrated that exercise intolerance is related to reduced quality of life and increased dyspnea and fatigue perception in subjects with sarcoidosis. 2, 3 Involvement of the lung mechanics may result in increased respiratory work load. Even when lung function is normal, respiratory muscle strength is reduced in subjects with sarcoidosis, and respiratory muscle weakness increases dyspnea perception and impairs exercise capacity. 2, 4, 5, 6 One study 4 reported inspiratory muscle weakness in 16.7% of subjects with stage I-IV sarcoidosis, and other studies 2, 5, 6 have also shown that subjects' inspiratory muscle strength is decreased up to 45% and expiratory muscle strength is decreased up to 40% when compared with healthy controls. Kabitz et al 4 demonstrated that inspiratory muscle strength is strongly predictive for dyspnea and functional exercise capacity.
Lung function tests are commonly used to interpret the disease progress in patients with sarcoidosis. Whereas lung function test abnormalities are observed in 20% of stage I patients, this rate increases up to 40 -80% in stage II-IV patients. Reduced diffusing capacity of the lung for carbon monoxide (D LCO ) is especially seen in the late stages of the disease. 7 Fatigue and dyspnea are some of the most prevalent symptoms in sarcoidosis; 30 -90% of subjects report severe fatigue perception. 3, 8 Although resting dyspnea is not generally prevalent, exercise-induced dyspnea is especially perceived in stage II-IV of sarcoidosis and correlates with reduced respiratory muscle strength. 4, 5 Indeed, all of these symptoms affect patients' quality of life. Reduced quality of life was shown to be related to lower physical activity levels, fatigue, depression, dyspnea, and social isolation. 6, 9 A limited number of studies have investigated respiratory muscle weakness and its effects on clinical symptoms in sarcoidosis. Respiratory muscle weakness is related to increased fatigue and dyspnea perception and reduced exercise capacity and health status. [4] [5] [6] 9 Meta-analyses of randomized controlled trials and systematic reviews on COPD, 10, 11 asthma, 12 bronchiectasis, 13 cystic fibrosis, 14 and heart failure 15 have shown the beneficial effects of inspiratory muscle training on several outcomes.
Although the evidence in the current literature supports the benefits of inspiratory muscle training, there is, to our knowledge, no study investigating the effects of inspiratory muscle training in subjects with sarcoidosis. This study aimed to examine the effects of inspiratory muscle training on exercise capacity, respiratory and peripheral muscle strength, pulmonary function and diffusing capacity, fatigue, dyspnea, depression, and quality of life in subjects with sarcoidosis. Thus, the present study hypothesized that inspiratory muscle training would improve the aforementioned outcomes in subjects with sarcoidosis.
Methods

Subjects
Between June 2012 and March 2014, 30 subjects with sarcoidosis referred to the Gazi University Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, were included. Subjects were diagnosed with sarcoidosis according to the criteria of the latest American Thoracic Society/European Respiratory Society/World Association of Sarcoidosis and Other Granulomatous Disorders statement on sarcoidosis. 1 The inclusion criteria were: being clinically stable (no exacerbations of sarcoidosis), radiological classification stage I-IV, and no change in medications over the last 3 months. The exclusion criteria were: cognitive disorders, taking a corticosteroid, having a co-morbidity to a degree that would prevent the application of inspiratory muscle training, acute infection, previously receiving pulmonary rehabilitation, receiving non-standard medical therapy, and orthopedic and neurological problems. The study was approved by the Ethics Committee of the University and performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all subjects to participate in the study.
Study Design
This was a prospective, randomized, controlled, and double blind study. Subjects were randomly allocated to either a treatment group receiving inspiratory muscle training or a control group receiving sham training for 6 weeks. Computer-generated random numbers were used for simple randomization of the subjects. Before and after the inspiratory muscle training, functional and maximal exercise capacity, respiratory and peripheral muscle strength, pulmonary function, dyspnea and fatigue perception, depression, and quality of life were evaluated. None of the subjects had received pulmonary rehabilitation before.
Blinding
Neither the investigator who collected pre-and posttreatment data nor the subjects were aware of whether they
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Current knowledge
Sarcoidosis is a systemic granulomatous disorder of unknown origin that primarily impacts lungs and respiratory mechanics. Respiratory muscle weakness is a frequent symptom that impairs exercise capacity, health status, dyspnea, and fatigue perception in subjects suffering from sarcoidosis. The effects of improving muscle strength on outcomes in sarcoidosis are unclear.
What this paper contributes to our knowledge
Following a 6-week moderate intensity, thresholdloaded inspiratory muscle training program, maximal and submaximal exercise capacity, inspiratory and expiratory muscle strength, severe fatigue, and dyspnea perception were improved in subjects with sarcoidosis without any adverse effect.
had been allocated to the treatment group or control group. Evaluations and treatments were performed by different physiotherapists. Subjects in different groups trained at different places and times.
Measurements
Functional Exercise Capacity
The 6-min walk test (6MWT) was performed in a 30-m unobstructed corridor. Measurement was done according to American Thoracic Society guidelines. 16 Heart rate was monitored using an FT1-100 heart rate monitor (Polar Instruments, Shanghai, China) during the test. A modified Borg dyspnea scale was used before and after. The 6MWT was repeated 2 times, and the result was expressed as a percentage of the predicted values. 17 Subjects rested for 30 min between the tests, and the highest distance was recorded. The minimum clinically important difference for 6MWT is 30 -33 m. 18 
Maximal Exercise Capacity
A modified incremental shuttle walk test was used to evaluate maximal exercise capacity. 19 Subjects were instructed to walk/run up and down a 10-m course marked by cones placed 0.5 m from each end. The speed was controlled by signals from an audio tape recorder. The walking speed was progressively increased at 1-min intervals for a total of 15 stages. The test was terminated if the subject felt too breathless to continue at the desired speed, failed to complete a 10-m length (shuttle) in the time allowed, or reached the predicted maximum heart rate. 19 Modified incremental shuttle walk test distance was expressed as a percentage of the predicted values. 20 Heart rate was monitored with an FT1-100 monitor. The modified Borg dyspnea scale was used, and breathing frequency and S pO 2 were measured (pulse oximetry) during tests.
Respiratory Muscle Strength
Maximal inspiratory pressure (P Imax ) and maximal expiratory pressure (P Emax ) were assessed using an electronic pressure transducer (MicroRPM, Micromedical, Kent, United Kingdom). Measurements were done according to American Thoracic Society/European Respiratory Society statements. 21 The P Imax at residual volume and P Emax from total lung capacity were measured while the subjects were sitting, a minimum of 10 maneuvers were performed, and reference values were used for the comparison. 22 Pressures were maintained for at least 1 s, and the highest technically satisfactory measurement was recorded (within 5%) and expressed in cm H 2 O.
Peripheral Muscle Strength
Quadriceps femoris and biceps brachii isometric muscle strength (non-dominant) were measured using a handheld dynamometer (Commander PowerTrack II, JTECH Medical, Midvale, Utah), which is regarded as reliable and valid method. 23 
Pulmonary Function Tests
Spirometric measurement was performed using a Vmax 220 spirometer (Sensormedics Corporation, Yorba Linda, California) according to the guidelines of the American Thoracic Society. 24 
Fatigue
Fatigue was evaluated using the Turkish version of the Fatigue Severity Scale, 27 a self-administered questionnaire consisting of 9 items. Subjects were asked to rate their level of agreement with 9 statements, each item scored from 0 (strong disagreement) to 7 (strong agreement). A score of Ն36 indicated severe fatigue. 27 
Dyspnea
The Modified Medical Research Council dyspnea scale was used to evaluate dyspnea severity during activity, graded from 0 (absence of dyspnea during strenuous exercise) to 4 (dyspnea during daily activities). 28 
Depression
Depression severity was evaluated using the Turkish version of the Montgomery-Åsberg Depression Rating Scale. 29 The scale consists of 10 items, the score for each item ranging from 0 to 6. Low scores implied mild depression, whereas high scores implied severe depression. 29 
Quality of Life
Quality of life was assessed using the Turkish version of the St George Respiratory Questionnaire (SGRQ), 30 containing 76 items with weighted responses covering 3 components: symptoms, activity, and impacts. The latter 2 relate to the subject's current state of health. All component items can be aggregated into a total SGRQ score. Scores range from 0 to 100, with higher scores indicating poorer health status. 30 
Inspiratory Muscle Training Protocol
Training was performed using a pressure thresholdloading device (POWERbreathe Classic, IMT Technologies Ltd, Birmingham, United Kingdom) used to inhale against a same-pressure load every inhalation for strengthening primarily the diaphragm and rib cage muscles. 31 The device pressure is adjusted according to P Imax , and reliability/reproducibility has been demonstrated. 31, 32 Subjects were given a 1-week familiarization period and instructed to learn diaphragmatic breathing adequately. The treatment group received inspiratory muscle training at 40% of P Imax , and training loads were adjusted to maintain 40% of the P Imax weekly. The P Imax was measured at supervised sessions each week, and 40% of the measured value was determined as the new training work load. The control group received sham inspiratory muscle training at a fixed work load, 5% of P Imax . Subjects were instructed to maintain diaphragmatic breathing for 10 -15 breaths with a rest of 5-10 s between breaths. As soon as the subjects were able, they were encouraged to maintain 25-30 breaths at each work load. Groups were trained for a total of 30 min/d, 7 days/week, for 6 weeks. Subjects in each group performed 6 sessions at home and 1 session under supervision at the Department of Physiotherapy and Rehabilitation. One day each week, the subjects' heart rate, blood pressure, and breathing frequency were monitored during the inspiratory muscle training sessions, and a new work load was given, which was adjusted to 40% of the highest P Imax value newly measured at each week in the treatment group. Subjects were checked by telephone calls 2 times/week, to verify that they were performing the inspiratory muscle training correctly. Total minutes spent during the training period were calculated based on reports written in diaries. Subjects were told not to change pressure loads themselves and were instructed not to exercise or do physical activity over their normal routine during the study period.
Statistical Analysis
All statistical analyses were performed using SPSS 15.0 (SPSS, Chicago, Illinois). Based on the results of a previous study, 18 we estimated that a sample size of 15 subjects/group would have a power of 80% to detect a 30 -33-m difference in 6MWT distance for an ␣ value of 0.05. Data normality was tested using the Shapiro-Wilk/ Kolmogorov-Smirnov test. Baseline characteristics of the groups were compared using a Student t test, and differences were reported as mean difference and 95% CI. Nominal data were compared using a chi-square test. Analysis of covariance was used to determine whether significant differences existed between pre-and post-test conditions (lung function, respiratory and peripheral muscle strength, 6MWT and modified incremental shuttle walk test distance, dyspnea, fatigue, depression, quality of life) and between the treatment and control groups, with baseline measurements used as covariates in the analysis. Manually adjusted post hoc comparisons were done using the Bonferroni test for the change in continuous variables within groups. A P value of Յ.05 was considered as statistically significant. Severe fatigue perception was compared using the Cochran Q test. Effect sizes for the magnitude of statistically significant group differences were calculated using the Cohen d statistic, and effect sizes were expressed as small (Ͼ0.20), moderate (between 0.50 and 0.80), and large (Ͼ0.80). Post hoc statistical power was calculated using GPower software according to 6MWT values. 33 Training efficiency, expressed as the mean improvement in P Imax /h of time spent training (expressed as cm H 2 O ϫ h Ϫ1 ), was calculated.
Results
Sixty-one patients with sarcoidosis were screened for the study, and 27 patients were excluded because of the reasons presented (Fig. 1) . Thirty-four subjects were assigned to either the treatment group or the control group; 15 subjects in each group completed the study. Based on the findings of chest radiographs, 9 subjects (30%) presented with stage I sarcoidosis, and 21 subjects (70%) presented with stage II. No subjects had any other organ system involvement. All subjects tolerated inspiratory mus- cle training without any complaints, and no adverse effects occurred. Adherence to the training regimen was high in both groups. There was no significant difference between groups in time spent during inspiratory muscle training; the treatment group spent 1,189.0 Ϯ 45.0 min (94.4 Ϯ 3.6% of expected), and the control group spent 1,105.5 Ϯ 82.7 min (87.7 Ϯ 5.6% of expected). All of the data were normally distributed.
Baseline Characteristics
Groups were statistically similar in terms of demographic and clinical characteristics before inspiratory muscle training (Tables 1-4 ).
Functional and Maximal Exercise Capacity
The distance covered during 6MWT (54.5 m, 95% CI 23.6 -85.4 m, Cohen's d ϭ 1.38, large) and percent-of-predicted 6MWT distance (8.0%, 95% CI 3.9 -12.1%) significantly improved within the treatment group and compared with the control group (Table 3 and Figs. 2 and 3) . No significant changes were observed in vital signs during 6MWT between groups ( Table 3 ). The power of this study is (1 Ϫ ␤) ϭ 93.7%. The distance covered during the modified incremental shuttle walk test (45.4 m, 95% CI 2.7-88.2 m, Cohen's d ϭ 1.53, large) significantly improved within the treatment group and compared with the control group, and percent-of-predicted modified incremental shuttle walk distance (4.0%, 95% CI Ϫ1.2 to 9.2%) significantly improved within the treatment group (Table 3) . Peak heart rate was significantly increased, and Borg dyspnea perception decreased in the treatment group compared with the control group, and percentage of peak heart rate and change in heart rate were significantly increased within the treatment group during the modified incremental shuttle walk test (Table 3) . 
Inspiratory and Expiratory Muscle Strength
Peripheral Muscle Strength
There were no significant differences in quadriceps femoris (24.2 newtons, 95% CI Ϫ22.2 to 70.6%, Cohen's d ϭ 0.48, small) and biceps brachii muscle strength (19.2 newtons, 95% CI Ϫ16.0 to 54.3%, Cohen's d ϭ 1.06, large) between the groups after inspiratory muscle training. However, there was a significant difference in biceps brachii muscle strength within the treatment group (Table 2) .
Pulmonary Function
There were no significant differences in percent-of-predicted FEV 1 , FVC, FEV 1 /FVC, forced expiratory flow from 25 to 75%, peak expiratory flow, and D LCO between groups (Table 2) after inspiratory muscle training.
Fatigue
There was no significant difference in fatigue between groups (1.5, 95% CI Ϫ6.8 to 9.9, Cohen's d ϭ 1.18, large), but significant differences were present within groups (Table 4) after inspiratory muscle training. There was a significant reduction in severe fatigue perception between groups (P ϭ .002) and within the treatment group 
Dyspnea
Functional dyspnea significantly improved in the treatment group compared with the control group (Ϫ0.4, 95% CI ϭ Ϫ0.8 to Ϫ0.1, Cohen's d ϭ 2.63, large) and within groups (Table  4) after inspiratory muscle training.
Depression
There was no significant decrease in depression between groups (Ϫ0.4, 95% CI Ϫ3.5 to 2.7, Cohen's d ϭ 2.9, large), but there was a significant decrease within groups after inspiratory muscle training ( Table 4) .
Quality of Life
There were no significant differences in SGRQ quality of life scores between groups: symptoms (Ϫ4.0, 95% CI Ϫ15.3 to 7.4, Cohen's d ϭ 1.47, large), activity (Ϫ0.7, 95% CI Ϫ12.3 to 10.9, Cohen's d ϭ 1.0, large), impact (Ϫ1.7, 95% CI Ϫ11.5 to 8.2, Cohen's d ϭ 0.88, large), total (Ϫ1.8, 95% CI ϭ Ϫ10.5 to 6.8, Cohen's d ϭ 1.31, large). However, there was significant improvement within groups (Table 4) after inspiratory muscle training.
Discussion
The most important results of the present study are: A 6-week inspiratory muscle training program improved maximal (12.0%) and submaximal (14.1%) exercise capacity and respiratory (P Imax ϭ 56.2%, P Emax ϭ 41.1%) muscle strength and decreased severe fatigue and dyspnea perception in subjects with early stages of sarcoidosis. The present study has an adequate sample size, control group, double blinding, and high study power (93.7%) to support our hypothesis. The 6-week inspiratory muscle training program did not have an impact on pulmonary function and diffusing capacity, peripheral muscle strength, fatigue, depression, and quality of life. The finding that the effect size indicated small and large treatment effects for peripheral muscle strength, fatigue, and quality of life (with low statistical power) suggests that a 6-week inspiratory muscle training work load/duration may not be long enough to improve these parameters, or the sample size may not be adequate to detect the improvement in the aforementioned outcomes. We also reported the effect size of variables that are useful for determining the practical or theoretical importance of an effect, the relative contributions of factors, and the power of an analysis. Our study has additional .53
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6MWT ϭ 6-min walk test ⌬ ϭ differences between maximal and resting values ISWT ϭ incremental shuttle walk test advantages, such as the application of a 1-week familiarization period before inspiratory muscle training and monitoring of subjects' adherence to the training regimen.
Functional and Maximal Exercise Capacity
This study is the first to investigate the effects of inspiratory muscle training on functional exercise capacity in subjects with sarcoidosis, and the distance covered during the 6MWT (54.51 m) increased with large effect sizes. Inspiratory muscle training has become a popular training method in recent years and is used in a wide range of clinical conditions. Consistent with our findings, prior studies showed significant improvement in functional exercise capacity following mild to moderate intensity inspiratory muscle training in subjects with COPD, cystic fibrosis, asthma, bronchiectasis, or heart failure and healthy individuals. [10] [11] [12] [13] [14] [15] Inspiratory muscle training has been shown to improve cycling endurance, exercising lactate levels, diaphragm thickness, and inspiratory muscle strength in previous studies. [34] [35] [36] [37] [38] [39] Findings in the literature serve as possible explanations for the large improvement in exercise capacity. In the literature, we also noted descriptions of the effects of inspiratory muscle training on maximal exercise capacity; modified incremental shuttle walk test distance improved (45.4 m) with remarkably large effect sizes in subjects with sarcoidosis after inspiratory muscle training. Sánchez Riera et al 35 demonstrated significant improvement in a modified incremental shuttle walk test (93 m) in COPD after inspiratory muscle training, where the improvement in distance is higher than ours (45.4 m). Greater distance improvement covered by subjects who underwent training in our study can be attributed to desensitization to dyspnea as a result of inspiratory muscle training. Additionally, peak heart rate and Borg dyspnea levels during the modified incremental shuttle walk test also improved, consistent with the findings of Sánchez Riera et al, 35 which suggest that inspiratory muscle training improves heart rate response and dyspnea perception during maximal exercise in sarcoidosis subjects. Our findings serve as valuable evidence supporting the implementation of inspiratory muscle training as non-pharmacologic treatment of sarcoidosis to improve submaximal and exercise capacity in patients with sarcoidosis.
Inspiratory and Expiratory Muscle Strength
Our study included subjects in the early stages of sarcoidosis, 13.3% of subjects in the treatment group and 20% in the control group had inspiratory muscle weakness (P Imax and P Emax of Յ80 cm H 2 O). 21 The inspiratory muscle training was applied for 30 min/d, 7 days/week, for 6 weeks, and respiratory muscle strength consistently improved with a large treatment effect. Prior studies also demonstrated that inspiratory muscle training improves inspiratory and expiratory muscle strength in various patient populations, [11] [12] [13] 36 similar to our findings.
Peripheral Muscle Strength
Peripheral muscle weakness is a common clinical manifestation in sarcoidosis and is affected by confounding factors, such as fatigue, physical inactivity, or reduced quality of life. 2 Quadriceps femoris muscle strength improved in subjects with heart failure after inspiratory muscle training, as reported previously. 36 Inconsistent with the previous report, 36 inspiratory muscle training resulted in no improvement in quadriceps femoris and biceps brachii muscle strength in our study. Combined aerobic, resistance training, and inspiratory muscle training resulted in improved peripheral muscle strength compared with aerobic training in subjects with chronic heart failure and cystic fibrosis. 37, 38 Whether the application of higher intensity and/or longer duration training or a combination of inspiratory muscle training with aerobic/resistance training might provide a treatment effect on peripheral muscle strength in recipients should be investigated.
Pulmonary Function
Numerous findings on various diseases have shown no change in dynamic lung volumes after inspiratory muscle training, [11] [12] [13] [14] [15] consistent with our findings. We also investigated the effects of inspiratory muscle training on D LCO and observed no improvement. On the other hand, inspiratory muscle training improved vital capacity and total lung capacity in subjects with cystic fibrosis. 39 Further studies investigating the effects of inspiratory muscle training on both static and dynamic lung volumes and D LCO in subjects with sarcoidosis will be beneficial.
Fatigue and Depression
Inspiratory muscle training has been shown to improve fatigue in previous studies. 35, 39 In contrast to previous studies, no improvement was seen in fatigue and depression in our study. However, inspiratory muscle training resulted in improvement in severe fatigue perception. Previous studies have also reported that fatigue is a commonly seen, important clinical symptom that has to be treated in patients with sarcoidosis. Hill et al 40 reported that high-intensity inspiratory muscle training resulted in clinical improvement in fatigue perception.
Major depressive disorder prevalence is as high as 70% and is associated with impaired pulmonary function and increase dyspnea perception in sarcoidosis subjects. [1] [2] [3] 8 Inspiratory muscle training has been shown to improve depression in previous studies. 36, 39 Although depression was alleviated in both groups, a higher inspiratory muscle training work load was not superior to the lower work load in the present study. Enright et al 39 found that higher work loads of inspiratory muscle training (80% of P Imax ) resulted in improvement in depression in subjects with cystic fibrosis. Applying higher intensity and/or longer duration inspiratory muscle training may provide a treatment effect on fatigue and depression in patients with sarcoidosis. Fatigue and depression in patients with sarcoidosis is multifactorial, so effects of inspiratory muscle training on mechanisms that would alleviate these outcomes should also be investigated.
Dyspnea
Consistent with the previous studies, [10] [11] [12] inspiratory muscle training improved dyspnea perception in daily activities in our study. However, we failed to show improvement in exertional dyspnea during the 6MWT in contrast to significant improvement during the modified incremental shuttle walk test. This discrepancy may be due to the psychometric characteristics of the outcome measures. Thus, the 6MWT is a submaximal and self-paced field test; however, the modified incremental shuttle walk test is a maximal and paced walking test. 16, 19 Although the subjects included in our study had less dyspnea perception, investigating the effects of inspiratory muscle training in patients with severe dyspnea will be useful in future studies.
Quality of Life
Sarcoidosis is a chronic, multisystem disorder and commonly affects young adults. The symptoms of sarcoidosis vary and may cause working and social problems. A number of studies also showed impaired quality of life and related symptoms in subjects with sarcoidosis. 8 In the literature, studies have shown that inspiratory muscle training improves quality of life in subjects with COPD, 11 bronchiectasis, 13 cystic fibrosis, 14 and heart failure. 15 Although there were improvements in all subgroups and total scores of SGRQ in both groups with a large effect size, no significant improvement was observed between groups (with low statistical power). The effects of inspiratory muscle training on quality of life should be investigated in a larger population of subjects with sarcoidosis.
Limitations
Static lung volumes are the most affected parameters of pulmonary function in sarcoidosis patients. Because of technical problems during the study, most of the subjects' static lung volumes could not be measured. The study population was limited to subjects with stage I-II of sarcoidosis. We could not include patients in stage III-IV because they were not referred. It is inappropriate to generalize the results of this study to patients in later stages. Unfortunately, we did not evaluate the subjects' physical activity levels, which may be affected by inspiratory muscle training; this parameter should be included as an outcome in further studies.
Conclusions
A 6-week inspiratory muscle training program was an effective, feasible, and safe pulmonary physiotherapy method in subjects with early stages of sarcoidosis and improved exercise capacity and respiratory muscle strength while decreasing severe fatigue and dyspnea perception. However, inspiratory muscle training does not seem to have an impact on pulmonary function and diffusing capacity, peripheral muscle strength, fatigue, depression, and quality of life, at least at this intensity and duration. The optimal and appropriate training duration, frequency, and work load of inspiratory muscle training on patient populations has not yet been accurately detected. Multi-center studies should be planned to validate our results. Our study included early stages and subjects with milder pulmonary function abnormalities; thus, further studies to investigate the effects of inspiratory muscle training in later stages of sarcoidosis with severe pulmonary function limitations will be beneficial.
